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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain an effective 
countermeasure against 

ESD (electrostatic discharge) for a semiconductor device 
having a diffusion 

layer structure in which an impurity is diffused at a high 
concentration in a 

diffusion layer in which the impurity is diffused at a low 
concentration . 

SOLUTION: In diffusion layers respectively constituting 
a collector region 

4, an emitter region 4, and a base region 5, two or more 
rows of high- 
concentration diffusion layers (9, 10, and 11) are formed 
in the transversal 

directions of the diffusion layers. In these diffusion 



layers (9, 10, and 11), 

contacts 12, 13, and 14 are formed, respectively. When 
breakdown occurs in the 

diffusion layers (9, 10, and 11) , the heat generated from 
the broken down 

portion is diffused to the contacts 12, 13, 14 and radiated 
from the contacts 
12, 13, and 14. 
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imm 1 ] mi s^o^n^fc , 
co^i. m2coKiyifc. 

im\'^m2m^<7)m4emmt. 

1 . tS2f*IWi<7^#in6jt:3^mjgj£§itSc:fc 
mw^\.m2<7^^^m<nfm■-^i^^ 

[S*«4 1 frffiSI 1 . lg2<7^£IS«<0«-«#*-|6lt 

IS) . mEmi. m2<^)lfeiJcfl<0:S«^Jr|fii-iia5*>^ 
fi5^S(cES$ man ^^J' htOffiS^OlgW 
Ifc. Htia^l. 5g2coli£iJt«o^^*^|6lco(iW2t 

«OlfcWl/W2 = X3{p* 
(2k;-l)/(2k + 3) SX<1 



W) - laSmi. ^2£OftEli««#3i#^ri6j^gSI5j!P'i> 

Ifc. laffiSl. ^2£r)Jl£|Jc«<7):S®^*|6jo«SW2fc 
eDltWl/W2 = X*« 

(2k-l) / {2k+3) ^XS (2k-l)/2k 



2<«liH<7)TS!*>^.^tBLTV^I,C:fc^!Nfafc^5a 
[0001] 

TJ'SII^JfcS ( ESD : Electro Static Discharge) 

VssgVPAD^Vcc (Vcc 



* [0002] 

[tfla«7)ft»] -awe, 9«^]BC«(ESD){±^«C 

[0003] a4:F^M06Ji. E SDfi^^^^^ 

10 4tiESD«^iFt LTy>fjr-F5rfflV^;tJ©^S-^ 
LTV^S. A:^J>^•>y K 1 0 O(i0ix.»f A:^J^^'>y7r|ilK 
1 0 1 ^^|-LTH^ifcjrta5|llJ&t^S^$ji-CV^?,. A 
^y-? -y K 1 0 0 1 ^Sg^f 10 2 <0ffl5iat:«^^-f sf- 
H 1 0 3*Ji^$ix. A^^'f y H 1 0 0 fcgtfsJg^ 1 0 
5 c7)ffl5SfcJi:J^^ 5r- K 1 0 4 *^S*l.T . 0 
5 {i. E S Dfijt^^ LT^^>f ^- K^$fU!>'<>f 
^'-^h^yi^X^'l 0 6. 1 0 7^fflV^fci©^S-^ 

HeUESDfija^^fcLT^^^jr-HSSKSiTX: 
MOSh7yi^;^:J'l 08, 1 0 9*fflV^3t^S:*L 

20 TV^S. 

[ 0 0 0 4 ] E S D«a*^^»m4. H4 Ti^b \Z 

^m^}L%,m--^iihii}h. H4^fflv^Taws. 
^flcf-y romjssg^^i 0 2mfwm^ i o 5«. 

v^^iLti:-^x\^h> z.ffyrt\h^ 7<h>^v h'l ooi: 

«jSJS? 1 0 2«ffl5S-ClS«36»-^tS|g, A*^N'-y H 
1 0 Q(rmmf^^'^ 1 0 20«fl[i O^V^i: . 

-eoat, 1 oo«ftA«AA>'N'-y H 1 0 otf5m 

fii OiSl^J^^t A*>N' y K 1 0 0<D**i«S 
30 Sg^ 1 0 2 i 0 t>«e*fSV^. ^^>f H 1 0 3 1 
Vi^V-YWSUf^h. i)t, A^J>''t-yK100J:0 
tWUSi^ 1 0 2«0**i«fib&JgV^, :J^^:t-b' 1 
0 SiST'^-^'^^'^'L, mSffi^ 1 0 2ti-t>X)Jf^-/ 
H100lBt:®E*WS. 
[0005] A^VN- y K 1 0 0 fcfttf^l 0 

5c0fflSratfl«*«4 ttJ^, A*^N'-y K 1 0 0 
fmf- 1 0 5cO«fi[«?3A/hPi«K:JStTr>f =r- H 1 0 

[ 0 0 0 6 ] ifc, ^Hcf->yr*^^iWP«®i: $n 
TV^S^. t^shib. Kl 0 0«0«fitVPA 

D*i<*:^ (A) irmfL-th^. A*>^°•y H 1 0 Ofc« 
jg^l 0 2S, F 1 0 0 tSSfiSS^ 1 0 

5iat«^§/i:tESDfilg^^«j!-m®fc^r'9. ^ 

>y zramV^i,z^mi:Wj:\\ 
[0007] 



, Vs s : 



07. 08J4, yW;K-^h7>>''X^'A»ii>^SESD^5OS$fi^TcO¥ffl0. 



- (A) 

at^BnSaSr^L, 09, 



01Oti 



(3) 

3 

MOShy y'JXiftl^t>i'j:h E S T>^m=i^Mm. 

mumsii 1 ofctipa-^xyi^jsi 1 0 SLtm^^ii 

11. x$.y^'S«l 12. 

ia«i 1 3*g^«s^i, ciii^.nix^'^'^i 11.x 

5 -y^mil 1 2. '^-^^^JSl 1 SMmmST I 
(Shallow Trench Isolation) 1 1 AliZi: *)^m^tlX 
\^h. lis XS-y^ffij^l 1 2. 'C- 

1 1 3 ta. -^it-f ^ieii.{fr;p s a^^' y lo 
iJ'XTy*»A>=5rS1^03y^^M 1 5. 116. 1 
173&5m$nTV^S. 

[0008] 09. aiOCiJV^T. nS^fls««l 
2 0t:{ipffi'>x;Hi«l2 0a*gg«$ifCV'>S. d 

O-^x;!^! 2 0 ataMOS h^^i^'X^'^gg^S 

1*llfel!cfl*»^>=5:S V-x«« 12 1. atXKl'-f 

12 2*^^$fL. ::il/5>HWy|Bai2 1. y-x 

««1 2 2<0fflS:Htfl[»t«.^^*^l^«O±*fc: 

a. 0^ltiy~b*e»KS::frLT^--b«ffil2 3*« 20 

jgfltSft-cv^a. mehw >iiJSi 2 1 . y-xwm 

I2 2t:{l. iii^ixmx.\iT)V^-^J>,'<?'^yyxT 
>*»^.^:S^03y^'^'M24. 12 5*qg«$il. 
TV^S. |?a'>x;l^l2 0atC{i. STI12 6t 
J: OluiBMOS h7>'vX^'*»ii>^SI$n:tpSfefcl 
*»ic>^l>riy^'^'bli«l2 7*gg«§a. CifiOny^' 
^ h®JS 1 2 7 {C{±1«»<03 y rJ' ^' M 2 8*ggBE$tl. 

[0009] 

imiii^m.Liidk'rmm\b:i^'c.m77jsm so 
1 0 t^t-E s Dflsas^T-a. 3 111. 
v~xmii 1 2. '"^-xfflisi 1 s^mm-hwsL 

S. atfy-X«Sll21. KW>^iSl22. ny 

Jg^^tLSny^'^'M 1 5, 116. 117, 12 
5, 124. 1 2 80ffl5l£MDS 

[00 10] ( 1 ) ESD*>-|64LJt«^. yu-^'r 

•^yassiciioffiai-ctt^v^. «^;ctf07. msaym 40 

^. nu^'^'iaJSi 1 IfcSTI 1 14<?DJ§#SAt:fc 

mi^^ y 9 hi I 57}S.l 17t^L. nyr^^'h 
1 1 5J!jS1 1 7t=^^^->''Sr-^;lt:L*p«:*. ffl2 

S1E«IDSS-:S< LTV^/t:. 
[00111 (2)fflSE?8lDS3mv>^. ayj^i^ 
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4 

Ltzifi-yX. •:iy-!^i^Y}imm<r)^miz.\i}S-'miZ 

lTOSlDS?r:S< LTV^it. 
[00121 ®i^rffl5l®iD ScoSStirn-fcXCJ: 
OP^rS**. 0. 2 5/imrn-bXt:i>v^T{i. tJi-e 
3~4//inSjKT*>S. C:<0fi{iJltILh<7®i*»^Si 

iOisi^l 0<SfC$>S. 

[00131^. diiaA*^^ / h'i:«S3ixSfi£IStB 

y, R. Rountree. D. Baslee.A. Hyslop, L. White. "ES 
D Design Considerations for ULSI". EOS/ESD Syip. P 
roc., p45. 1985) , 

[0 0 14] fcd^r. ^\mTmimnz^\K x 
^-'j y^m\zi^'^xmim(r)m\m<^j:hm^zh 
t. -n. T)Vi-^j^. ^yi^xTym<o^mizx*) 

m^^1xf::=iy^^htmitm<r>md^izt5\,^Xii. 3 

yfi^Ywmm>&. (:t-5-y^) *>o3 
y^9vmMm:T\fz>ti»i. ^y-^i^ycmum^ 
hmMbm-mtfn^^^y^nmL^^txy.^h, 

[0 0151-f^r*>i^>. 01 It^rtidfc. m«N 
^^:f;|/MO S h^yi^'X^'iOSEIS:! 1 3 1 tctJt^T. 
ny^j'^ M 3 20irFlc{i. mWM 13 1 *><?>^!gj 
jiiS0Sv^n*« 1 3 3*«SgajL-CJgB!t$itTV^S, Cl 
<o;it«>. :/^-^'^^'>y{i3y^'^ MiT<on*«i 3 

^ft^BfctJV^T. 077!;^1 OUS^ti^^:. SKIi 
^tOJgSt ny^':?' h«ffi3OTaiD S*tgV^E SD« 

f^y-y^^yf^^z."^. :L<ni^^\zmm^-^hti 

::<03ilK«Nf-v^;nvio s yi^'x^'fc:K^>*iS *> 
«-C{i^< . P^^:*-;PMO S h "yy-Jx^^t^M!^— 

[00161 *I|BJ{1. J:£PlS^»^-r6^«>t^$ 
^l/itcOT&O. -f-cOBWfc-t-Sfcd^Ji. 

[00171 

[ilSiSrJJI^-f S:tfttf5#Sl *l|BBtt. ±IEi8SSr)» 

iii^sM<7)i|^f*»«t. miE^ft* 

lSrttm§<l^{5Hr3©^<0®2^^<^ISl. |g2 
OtelJcJBt. l^l<0S£lkl<O:^:frl6ltc^S3gB!t$ 

%^-nuzm'^xmm^i[vft^s^\(rwmk 
%2ff:mm(nm-nuzw^iSi.'^ft^ m--nnz2 



5 

[00 181 msig3. m4</ymm. mztif>m 

[0019] i5Esg 1 . ^^2mm<r>m--)imw>i:i 

[0020] luE^ 1 , %2<7wm<^im^-m\z^ 
m.^ixh^^yf9v<7imck^ (k{±2j.:Ui<^g 
m . m^i. m2c^itJi£7)#5s#^rifii-^8a5*»*> 

It. mf^i. ^2<nmm<r>^'m-)i^<7)Wi2t 

cOJtWl/W2 = X*« 
(2k-l ) / (2k+3) gX<l 

[00211 1 , m2ffwm<^^m^^mzm 

It. Bjami, m2OS£ijyi«0#M^*-|p|<0<iW2i: 
<0itWl/W2 = X*J 

(2k-l)/(2k+3) gX^ (2k-l)/2k 
[00221 mE»3. ^40jElfcH{±fiSSIl. 112 
[00231 

[00 24101. 02«, *mv7)m\<rmm^^ 

ffltyiJ^^^fl^fCV^S. B2{c^-rna^f^^i 

WJpffi'^x/P^acladggjS^^lTV^S. CK^'^x/P 

3. XS-/:J'««4. '<.-X<i«5*sjB)£$nS. Cl^l 
(t,aw^':5'^«3. x5.y^'<S«4. K-xmi5\im 
xMSTl (Shallow Trench Isolation) (>\ZX*)^^ 
$ilTV^5. f^S«l±fc:(4jeglS7*9gjS$n. i 

tih. utii^mnaiitLxwiouifiS'mMis. xs 
Sits. ;:<oa, r--;Wi&a(cJ:0aA$tL3tTtt«) 



(4) !^^200 1-773 0 5 

6 

«4. 'c-xs^so-f^L-rnkUi. ^vi^^mi3, 
xs y :}'««4 . '<:-xffla5«TBP*>'i.-a5*^aiL 

tM<nmmsS^ 9. 10. 11 *i-eii-PiiJ^JS$ 
tit. ^'U9^mi3. X$ y:}'1i«4. '^.-xfias 

X.tflXl O20cm-3"CJ)'). aiil^lie9. 10. 

1 1 2r«iB£-rsbsc7)ias«. t-^'irceix.jf 1 x i 

0"cin-3i:$itTV^5. C:co©i8m£litl9. 10. 

1 i^i8ji!c-r5^?«j<o®aai^jiS(i. ±sm^^ 
[00251 #iipa58rtt. ffssaisjisisc 

«9. 10. ll^W^^1Xhmt\fT)V^-^J^'^i^ 

yifx=fvifih^£hWm^y9'?y\2. 13. 14 
im&^tlh. ^^l.^.ny^'^'M 2. 13. 14tt. 

^I'i'fmm. xs^:?fiwi4. ^-xmrnsff^m 
■ ^mz^^LxmimsM^ti. Lcoay^i^vncA 
m.^:^i^iz2mudsm^tix\^&. mi::iu^^m 

JS3{i^gS^^N--y YtLX<mK.iiXiJ^'^ y KtSS^ 
20 x5^:J'SS4at^^-X«a{5{im^g?X« 

[0 026] iJ^fc. ±£3y^'^'hl2. 13. 140 

SM^z':>\>^x^|^^zmmth. mmj&mtz^im 
^immz^hff)\i^ fV'-9y^ymzmm±.x%. 
^LtiW)m^mjfii^')^>mmmz^i,t:M^ 

t^th1xx\.^t, Z<r>t:}t>. mfm<izh^Lt:m) 
30 ifi-yX. ^ffmmc^i^. 3V^^'^«J3tCt>V^Tfi 

[0 02 7] 3W^'^'«Wc3<7^#*lii]SffltC<a 
ffr & 3 y ^ h 1 3 W ^' ^'ffl^J 3 fc <7)fflSSffiJiD S 
Ji. 0lx.tfO;uinJ:O:*:#<ffl5iai©SDC<o2<&OT 

m^. H 1 iiz5fcrsmt^j:h. mmmD s\mwm 
<ojiii®$^iS/h-rs:t«)tfflv^ja*«j:v^*<. mmm 

#3:^^'^h«ffl5ITOIDCO0. SfgJjLb. 2 

[ 0 0 2 8 1 ^7t. mEfflsrsiEsiD s ^m<m}^t, 
m:thtd^<r)i.oiz^sh. ESD^m=F^mm-h 

50 ^Lx\^i. ^m<oESDmm=F<om^. ::ff)m. 



10 



20 



fcsssits. -imtssmfmDCiimi 
no. 3Mm-c»)i>^.KsmmDsiminio. 

35;um(<0. 3X2um) izWt&^tlh. 

1 0 0 2 9 ] $ ^t. n^:}' ^' hm<m^iji^-i^m^ 

0. 3um^ a>9'7V<nmSWeBl>C1}iO. 3m 
m, fflOTESIDS*«0. 3 5Am-C*Si©^. Wl/ 
W2I1. 

Wl/W2= ( (0. 3X2) +0. 3)/ ( (0. 3 
5 + 0. 35) + ((0. 3X2)+0. 3))=0. 
9/1. 6*50. 56 

coli t Jfeii«<^#:*riiii<o«i<?5Jt*»«{? o . 5 6 1 ffl£ 
•el's. 

[0 0 3 0] tfz. IMtmrnfr^Tay^^^h^iii^ 
3mcOlSr^li. 

Wl/W2= ((0. 3X3) + (0. 3X2))/ 
((0. 3 5 + 0. 35) + ((0. 3X3) + (0. * 

DS= {A (2k-l) -XA (2k-l) > /2X 
=A (2k-l) (1-X)/2X 

[00351 [1] J:aL?tJ:a(c, fflSSffiStDS** 
ay^'!fh<7MAff)2iSar.-t^i>*>. 0<DSg2 
AT&Sfc-rst. (D^iO 

0<A (2k-l) (1-X) 
A (2k-l ) (1-X) S4XA 
(2)SJ:0. A>0. 2k-l>0Tt>htitb. Xtt 
X<1 

fc^r-S. it, (3) ^iO. X{i 

A (2k-l) (1-X) g4XA 

(2k-l ) - (2k-l ) Xg4X 

2k-lg4X+ (2k-l ) X 
(2k-l) / (2k+3) gX 
b^xt. UzH^-^X. (4)3m/ i5)3^X*). * 10036J 

{6)jSimti>iXt. it 

(2k-l ) / (2k+3) ^X<1 
(6)^J;0. 3>^^'h«05i|itk = 2<?DJ©^. WltA AW2iOJtX{^KHtt 

3/7gX<l 

0. 43gX<l 
t^rS. ^<0KfflrttB5aL;tX=0. 5etl^ttiX 
v^S. ttz. 3y^^h<o^J|Sk = 3«0^. JtXOK* 

5/9gX<l 

0. 56^X<1 
b^i. c:<oKHrttcmaL/:rX=o. 6 8*%*tLT 

[00371 [ 2 ] -^r, VX^^4?-frcO^^#m *50 



(5) #^200 1-7730 5 
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*3X2) ) =1. 5/2. 2^0. 68 

(mbmLm<m^i3\^(m<^ittiHmo. 6 8fcffl^ 
[00311 iMay^^ vn(r><m^^^msit^t,m. 

sgasif <oieg««««gwi tt£tfcg<oM*:tri6i<oiiw 
2 1 «OJtW l/7i2^mm\i:mth tJRo i o t^: 

[ 0 0 3 2 1 =8-3 y^' ^ h<^^Ji<^#^rifiioli. a 

lf3>':J'^'h<0ffl5SPi5rAtL. rjy:?^' bco^^S- 
k (2KUi<^^) ny^'^'h^Hc^*:/? 

i6i-sgaj*>'J»fl!j^*T<oEws«<oiiiwi, mm. 

»os^:tri6i<7)i|iW2 i a . 

[00331 Wl=AXk+(k-l) XA=2Ak- 
A=A (2k-l) 

W2=W1 +2DS = A (2k- 1 ) +2DS 
«iWl. W2(^tt;$-XfcL;t^. XJiiJ^r«$n 

[0 0 341 X=W1/W2= {A (2k-l) > / 
{A (2k-l ) +2DS> 



•••(1) 

0<A(2k-l) (l-X)/2Xg2A 
t^rO. :iixi^&thb 
0<A(2k-l) (l-X)g4XA 

-• (2) 
■ ■ (3) 

... (4) 



(5) 



(6) 



(7) 



• • (8) 

* ffl5SffiJiDS*i3y^^'bi0<iAOl/21JUi. 
2mT, ■«ri3*>, A/2gDSg2ATS>«.i:1-S 
b.miD^ii*) 



A/2^A (2k-l) 



(6) 

9 

(l-X)/2Xg2A * 
AX^A ( 2k-l ) (1-X) 
A (2k-l) (1-X) ^4XA 



!^^2001-77 30 5 
1 0 



(9) 
(10) 



X^ (2k-l ) (1-X) ^ 

Xg (2k-l)/2k 
t^sh. tt:. (10) iUXO. Aim^-tht At^rO, 
(2k-l) (1-X) S4X * 

(2k-l ) / (2k + 3) ^X 
fc^rS. L^*<oT. (ll)^tX(12)^iO. AlOii (13)5e*«#^.tlS. 

(2k-l ) / (2k + 3) ^X^ (2k-l) /2k 
(13.) ^iO. 3>:J'^'K05i|5Rk = 2<7)^. Wl^ ♦tW2c0ltX<0«H{i 

3/7^X^3/4 

0. 43^X^0. 75 
fc^S. c:«lfflrttc|i|]4LfcXi?o. 5 6*«^i:*tT 

5/9^X^5/6 

0. 56^X^0. 83 
fc^rS. i^DlOTrtfcfijSLJtXi^O. eSifiHtivC 
V^l.. 20 

[0 0 381 jjBoipfc. ^yi^^vn<nm-i]H- 

2fciOltWl/W2fc:J:0»^SJt^fcfcV^Tt>. tfe 
tfcSc0jBa$:ja'h^5/c«>t:^<i/?><0Jt3E»« ( 6 ) ^tc:^ 

(13) ^fc:^KH*«»* L\\ 

m , '^-^^yj 5 fct jiffl-rs cittiOEsofiig so 

[0 04 0l±ailli0llSfit?!ltJ:^itf, av^-^mL 

3 , X 5 «y ^^4 . '^-^aa 5 S-fllJS^Sl£it^i^ 
^tlSfc1^«^ffii^l£IWl9, 10. ll^Jg^L, ^ 

<i'?.fi£IS:S9. 10. 1 ifci-eiim^y^i'M 2. 

13. 145:jeri£LTV>6. ^mSiEiia 
9. 10. lltcfcv^T. -fX^-^y^Vi^m^. Z.<r) 
l»^fct5V^T5^L3t»*J#3>'^':?M 2. 13. 1 
4t:^HicL-ca^SiiS. L^*«oT. ^m^FSrSJ^ 

[00411 L*»t. :rp-^'r'»*<«i8]®£Uc« 
9. 10. 1 ltctJV^Tje#S)ty>. ta!3lW)J:dfcn> 

IEg|DS^«<-rSit*'-C^. ESDfiiia^-f?rfflj£ 
[0 04 21 $^>C. 3U^'5'®«3. x5.y^®JS 

4 . ^~xmm5 b Lx</>mm±^z^i. m.-tm 

*tJEtT251JJaJi<03y;J'^'M 2. 13. 14S-ig 



•••(11) 

• (12) 



(13) 



(14) 



•• (15) 
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